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PROCESS FOR MAKING 2,3-DIHALOPROPANOLS 



The present invention relates to making 2,3-dihalopropanols. 



2,3-dihalopropanols are usually represented by: 



Formula i 




R— CH 2 OH 



5 



wherein: 



each "X" is independently a halogen atom; and 



each "R" is independently a hydrogen atom or an organic group. 
2,3-dichloropropanol is the most commonly used member of the class. 



2,3-dihalopropanols are important intermediates in the manufacture of 
10 epihalohydrin. For instance, epichlorohydrin is usually made by a three-step process of: 

(1 ) reacting propylene and chlorine to make allyl chloride; 

(2) reacting allyl chloride with hypochlorous acid to make a mixture of dichloropropanols; 
and 

(3) reacting the dichloropropanols with a strong base to make epichlorohydrin. 

15 This process makes large quantities of halogen-containing waste. For each mole of 
epichlorohydrin which is produced, at least about two moles of molecular chlorine are 
required. Each molecule of epichlorohydrin contains one atom of chlorine, and the remaining 
three atoms of chlorine are lost in the waste stream. 

It has been proposed to make epihalohydrins by processes which are more 
20 efficient in their use of halogen. For instance, Furman et al. (U.S. Patent 2,860,146 
(November 11, 1958)) proposed to make epihalohydrin by a three-step process of: 

(1) reacting acrolein with chlorine to form 2,3-dichloropropanal; 

(2) reacting 2,3-dichloropropanal with a secondary alcohol in the presence of a catalyst to 
form 2,3-dichloropropanol; and 



1 
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(3) dehydrochlorinating 2,3-dichloropropanol to make epichlorohydrin. 



However, the costs associated with this process are too high for it to be economically 
feasible, due to the cost of recycling alcohol and regenerating catalyst. Furthermore, Furman 
et al. teaches that "ordinary methods of catalytic hydrogenation cannot be used successfully 
5 for the reduction step of the new process because of the poor yields and for high 
consumption of catalyst in the reaction." 

What is needed is an economical process to make dihalopropanols with 
reduced production of halogenated waste. 

One aspect of the present invention is a process to make 2,3-dihalopropanol 
10 comprising the step of reacting 2,3-dihalopropanal with a hydrogenating agent in the 
presence of a transition metal-containing catalyst, under conditions such that 2,3- 
dihalopropanol is formed. 

A second aspect of the present invention is a process to make epihalohydrin 
comprising the steps of: 

15 (1 ) reducing 2,3-dihalopropanal to form 2,3-dihalopropanol as described in the first aspect 
of the invention; and 

(2) cyclizing 2,3-dihalopropanol to make epihalohydrin. 

The process in the second aspect of the invention produces epihalohydrin 
using only about one mole of molecular halogen per mole of epihalohydrin. This process 
20 reduces the amount of halogenated organics in the waste stream by more than 60 percent, 
relative to the commercial allyl chloride route. The process also uses substantially less water 
than existing processes. The reducing agent may be hydrogen, so that there is no need to 
recycle ketone, as in transfer hydrogenation. 

The present invention makes 2,3-dihalopropanol from a 2,3-dihalopropanal. 
25 2,3-dihalopropanal preferably is represented by: 

Formula II 

X o 
X— CR 2 -CR— 



2 
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wherein: 

each "X" is independently a halogen, is preferably chlorine or bromine and is 
most preferably chlorine; and 

each "R" is independently hydrogen or a lower (C, to C 6 ) hydrocarbyl group, is 
preferably hydrogen or a lower alkyl group, is more preferably hydrogen or a 
methyl group and is most preferably hydrogen. 

Examples of suitable 2,3-dihalopropanals useful in the present invention 
include: 2,3-dichloropropanal; 2,3-dibromopropanal; 2,3-dichloro-2-methylpropanal and 
2,3-dibromo-2-methylpropanal. The 2,3-dihalopropanal used in the present invention is most 
preferably an unsubstituted 2,3-dichloropropanal to form 2,3-dichloropropanol. An 
unsubstituted 2,3-dibromopropanal can also be used to form 2,3-dibromopropanol. 

The dihalopropanal is hydrogenated by reaction with a hydrogenating agent. 
The hydrogenating agent useful in the present invention may be, for example, molecular 
hydrogen, alcohols, or combinations thereof. The hydrogenating agent is preferably 
molecular hydrogen. Examples of suitable alcohols useful in the present invention can be 
primary or secondary alcohols such as methanol, ethanol and C 3 -C ^ primary and secondary 
alcohols. Preferably, the alcohol is methanol. Examples of other secondary alcohols useful 
in the present invention are described in U.S. Patent No. 2,860,146. 

The reaction consumes one mole of hydrogenating agent per mole of 
dihalopropanol which is made. Generally, at least about 0.6 moles of hydrogenating agent 
per mole of 2,3-dihalopropanal are available during the course of the reaction, preferably at 
least about 0.75 moles of molecular hydrogen per mole of 2,3-dihalopropanal are available 
during the course of the reaction, more preferably at least about 0.9 moles and most 
preferably at least about 1 mole. When less than 1 mole of hydrogenating agent per mole of 
2,3-dihalopropanal is available during the course of the reaction, the reaction is less efficient 
because complete conversion of the 2,3-dihalopropanal is not obtained. However, not all of 
the hydrogenating agent need be available at the start of the reaction. The hydrogenating 
agent may be added step-wise or continuously as the reaction progresses. In this case, the 
reaction mixture at any one time may contain a stoichiometric excess of dihalopropanal over 
hydrogenating agent. 

The maximum quantity of hydrogenating agent source is not critical and is 
governed by practical considerations such as pressure, reactor efficiency and safety. When 



WO 97/48667 PCT/US97/08849 ' 

the hydrogenating agent source is gaseous, then the quantity of hydrogenating agent is 
preferably at least enough to provide the desired pressure. However, in most cases, the 
reactor preferably contains no more than about 1,000 moles of molecular hydrogen per mole 
of 2,3-dihalopropanal and more preferably contains no more than about 100 moles. 
5 Gaseous hydrogenating agent sources, such as molecular hydrogen, are preferably used 
according to known methods for mixing a gaseous reagent with a liquid reaction mixture, 
such as bubbling the gas through the mixture with agitation or solubilizing the hydrogen 
under pressure. 

The reaction of the present invention takes place in the presence of a 
10 transition metal-containing catalyst. By transition metal, we mean a metal selected from any 
of Groups IB, IIB or IIIA-VIIIA on the periodic table of elements, as currently adopted by the 
International Union of Pure and Applied Chemistry (IUPAC). The catalyst metal useful in the 
present invention is selected such that under reaction conditions it catalyzes the 
hydrogenation of substantially all of the aldehyde moieties on the dihalopropanal molecule to 
15 primary alcohol moieties without substantially affecting the halogens which are bonded to the 
molecule. The catalyst metal is preferably selected from Group VINA of the periodic table, for 
example: iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium, platinum and 
mixtures thereof. The catalyst meta! is more preferably ruthenium, iridium, palladium or 
platinum and is most preferably ruthenium, iridium or combinations thereof. 

20 The transition metal-containing catalyst useful in the present invention may be 

in homogeneous or heterogeneous form. The transition meta! in the catalyst may be in an 
oxidized or unoxidized state. 

A homogeneous catalyst useful in the reaction mixture of the present invention 
contains a soluble transition metal compound or complex. Examples of soluble transition 
25 metal compounds include metal halides, acetates hydroxides and mixtures thereof. The 
homogeneous catalyst useful in the present invention includes, for example, RuCl , IrCI 
RhCI 3 , Rh 2 (OAc) 41 PtCI PdCI , Pd(OAc) and mixtures thereof. 

2* 2 2 

Homogeneous catalysts preferably further contain a coordinating ligand. 
Examples of suitable coordinating ligands include phosphines,1 ,5-cyclooctadiene (COD), 
30 norbornadiene (NBD), arsines, stibines, carbon monoxide, ethers, cyclopentadienyl (Cp), 
aromatic amines, sulfoxides such as dimethyl sulfoxide (DMSO) and mixtures thereof. 
Examples of suitable phosphines include, in particular, triaryl phosphine and more particularly 
triphenyl phosphine. Specific examples of the homogeneous catalysts useful in the present 

4 
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invention include RuCI^PPh^, (COD)lr(PPh^Me) 2 *PF , RuHCI(PPh ) ^NBD), 
RuHCI(CO)(PPh ) , CpRuCI(PPh 3 )„ RuCI (PPh ) [2-(COCH )C H N] and RuCL(DMSO) . 

33 ~ 232 3 5 « 2 ,A 

Other homogeneous catalysts useful in the present invention may be found in the following 
references: G.E. Coates et al. B Principles of Oroanometallic Chemistry . Methven & Co. Ltd, 
5 London, 1971; Charles M. Lukehart, Fundamental Transition Metal Oraanometallic 
Chemistry . Brooks/Cole Publishing Co., Monterey, CA, 1985; George W. Parshall, 
Homogenous Catalysis . John Wiley & Sons, New York, 1980; B.J. Huberoff, Homogeneous 
Catalysis industrial Applications and Implications . American Chemical Society, Washington, 
D.C. 1968; and Brian R. James, Homogeneous Hydroqenation . John Wiley & Sons, New 
10 York, 1973. 

A homogeneous catalyst useful in the reaction mixture of the present invention 
may consist of a mixture of a soluble transition metal compound or complex with a 
coordinating ligand. Examples of such mixtures include RuCl/PPhg, RuCI/P(/>tol) 3 , 
RuCL/P(C 6 H 4 -p-CI) 3 , IrCI/PPh^ RhCI/PPh 3 . 

15 The optimum number of coordinating ligands coordinated to the catalyst metal 

varies, depending upon the catalyst metal, the ligand, and the desired activity of the catalyst 
in a manner which is familiar to persons of ordinary skill in the art. It can readily be 
determined without undue experimentation. For example, when the transition metal is 
ruthenium and the ligand is a phosphine, the coordinated molar quantity of ligand per mole of 

20 metal is generally from 0 to 6 and preferably from 2 to 4. Preferably, the coordinated molar 
quantity of ligand per mole of metal is at least about 1 and preferably at least about 2. The 
coordinated molar quantity ratio is preferably no more than about 7, more preferably no more 
than about 6 and most preferably no more than about 4. 

The preferred concentration of homogeneous catalyst varies widely depending 
25 upon the catalyst selected and its activity. For most homogeneous catalysts, the reaction 
mixture preferably contains at least about 0.01 mmoles of catalyst metal per mole of 
dihalopropanal, more preferably at least about 1 mmole and most preferably at least about 
4 mmoles. The maximum concentration of homogeneous catalyst is not critical and is limited 
primarily by practical limits, such as cost. Usually, the catalyst metal concentration is 
30 preferably no more than about 100 mmoles per mole of dihalopropanal, more preferably no 
more than about 25 mmoles and most preferably no more than about 10 mmoles. 



The heterogeneous catalysts useful in the present invention may be, for 
example, a transition metal deposited or absorbed on an insoluble support such as carbon, 

5 
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silica, alumina, titania and other common supports known in the art as described in Poncelet 
et al. editors, Preparation of gaJabafe III, New York, 1983; P.N. Rylander. Hvdroaenatinn 
MetofldS, Academic Press. London, 1985; P.N. Rylander. Catalytic H,rtmn.n a ^ c^ gr 
Platinum MetalS , Academic Press. New York. 1967; P. Rylander. Catalytic Hvrimnpn^ n m 
Organic Syntheses , Academic Press, New York, 1 979; or the catalyst may be a transition 
metal coordinated to ligands bonded to a resin, for example ruthenium on phosphinated 
polystyrene. 

For heterogeneous catalysts, the ideal ratio of catalyst to reagents varies 
depending upon flow rate, bed size, temperature, desired conversion, reagents and other 
factors. Usually, a heterogeneous catalyst bed contains 0.001 to 100 moles of catalyst metal 
for each mole of dihalopropanal which passes through the bed per hour. 

The reaction of the present invention is optionally, but preferably carried out in 
the presence of a protic solvent. Examples of protic solvents useful in the present invention 
include water, carboxylic acids, phenolic compounds, aliphatic alcohols and mixtures thereof. 
Specific examples of the protic solvents useful in the present invention include water, acetic 
acid, phenol, methanol. 2.3-dichloropropanol, and mixtures thereof. The protic solvent is 
preferably water or an aliphatic alcohol. The alcohol preferably contains 1 to 12 carbon 
atoms, more preferably contains 1 to 6 carbon atoms and most highly preferably contains 
1 to 3 carbon atoms. Examples of suitable alcohols useful in the present invention include 
methanol, ethanol, propanol and 2.3-dihalopropanol such as 2.3-dichloropropanol. 

Without intending to be bound to a particular theory, it is theorized that the 
protic solvent activates the catalyst, and stabilizes 2.3-dihalopropanal by formation of an 
equilibrium concentration of hydrate or hemiacetal. Generally, the amount of protic solvent 
which can be present in the reaction mixture of the present invention is from 0 to 99.99 
weight percent, and preferably from 5 to 99.99 weight percent. However, alcohols, used as 
the protic solvent, also participate in certain competing side reactions in the presence of an 
acid. Therefore, it is preferable to either: (a) minimize the concentration of protic solvent to 
the lowest level at which the hydrogenation will run with a desired rate, or (b) run the reaction 
in the presence of an acid scavenger. As one illustration of the present invention, the molar 
ratio of alcohol to dichloropropanal is preferably at least 0.9:1 and no more than 200:1 . The 
optimum ratio within this range varies depending upon the presence or absence of an acid 
scavenger and the conditions of the reaction - such as temperature and pressure. For 
example, in one embodiment of the present process, a 2,3-dihalopropanal reacted with a 
stoichiometric quantity of molecular hydrogen in the presence of a ruthenium-containing 
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catalyst and an alcohol, utilizes a molar ratio of alcohol to dichloropropanal of no more than 
5:1. 

The reaction of the present invention is optionally, but preferably carried out in 
the presence of an aprotic solvent. The aprotic solvent may be used alone in the reaction 

5 mixture or in combination with the protic solvent discussed above. The aprotic solvent is 
preferably inert with respect to all of the reagents under the reaction conditions. The aprotic 
solvent may be selected such that: (1 ) it does not boil under reaction conditions; and (2) 
2,3-dihalopropanol can be recovered from it by distillation or extraction. Examples of suitable 
aprotic solvents useful in the present invention include aromatic and aliphatic hydrocarbons, 

io ethers, glymes, glycol ethers and mixtures thereof. Specific examples of the aprotic solvent 
useful in the present invention include toluene, cyclohexane, hexane, dioxane, diphenyl 
ether, diglyme, 1 t 2-dimethoxyethane and mixtures thereof. The quantity of aprotic solvent is 
not critical and is governed primarily by practical considerations, such as the ability to 
dissolve the catalyst and the efficiency of the reactor. Generally, the amount of the aprotic 

15 solvent present in the reaction mixture ranges from 0 to 99.99 weight percent. 

In most cases, the reaction mixture of the present invention preferably 
contains at least about 5 weight percent 2,3-dihalopropanal, more preferably at least about 
10 weight percent and most preferably at least about 20 weight percent. The reaction can be 
neat (about 100 weight percent 2,3-dihalopropanal), but if a solvent is used, for example a 
20 protic, aprotic or combination thereof, the reaction mixture preferably contains no more than 
about 90 weight percent dihalopropanal and more preferably no more than about 80 weight 
percent dihalopropanal. 

When the reaction mixture contains an alcohol, the reaction is preferably 
carried out under conditions which are substantially free of strong mineral acids such as 

25 hydrogen chloride, which may cause a reduction in selectivity and yields. Substantially free 
of strong mineral acids means that the concentration of such acids is low enough that the 
acids do not catalyze the formation of acetals from the 2,3-dihalopropanal and alcohol. For 
example, the level of acetal formed by the acid catalyzed reaction between 
2,3-dihalopropanal and an alcohol in the reaction mixture may be generally less than about 

30 50 weight percent, preferably less than about 20 weight percent and most preferably less 
than about 1 percent. 

Without intending to be bound to a particular theory, it is theorized that a 
strong acid catalyzes the reaction of 2,3-dihalopropanal and alcohol to form an undesirable 
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acetal. The reaction mixture frequently contains minor quantities of hydrogen halide, and so 
the reaction is preferably carried out in the presence of an acid scavenger if alcohol is 
present to prevent acetal formation. Examples of suitable acid scavengers useful in the 
present invention include alkali metal carbonates, alkali metal bicarbonates, epoxides and 
5 mixtures thereof. Specific examples of acid scavengers include sodium carbonate, sodium 
bicarbonate, ethylene oxide, propylene oxide, butylene oxide, epichlorohydrin and mixtures 
thereof. Epichlorohydrin is the preferred epoxide to serve as an acid scavenger. 

The temperature of the reaction is not critical, provided that all of the reagents, 
aside from the hydrogen, remain liquid and in contact with each other. However, low 
10 temperatures require longer reaction times. The reaction temperature is preferably at least 
about -10°C, more preferably at least about 20°C and most preferably at least about 50°C. 
The reaction temperature is preferably less than about 250*0, more preferably no more than 
about 150°C and most preferably no more than about 120°C. The reaction temperature is 
preferably from 0°C to 200°C and more preferably from 50°C to 120°C. 

15 The reaction pressure is not critical as long as there is sufficient hydrogen to 

run the reaction in the reaction mixture. The pressure is preferably at least about 14 psia (97 
kPa, 1 atmosphere) and more preferably at least about 50 psia (340 kPa, 3.4 atmospheres). 
The pressure is preferably no more than about 3,000 psia (21 MPa, 220 atmospheres). 
Higher pressures could lead to shorter reaction times. 

20 The product of the reaction of the present invention is a 2,3-dihalopropanol 

with a structure derived from the 2,3-dihalopropanal. The product may be recovered by 
known methods, such as extraction or distillation. The product may be recovered in yields as 
low as 2 percent, however, for economical purposes the product of the present invention is 
generally recovered in at least about 60 percent yields (based upon the initial quantity of 

25 2,3-dihalopropanal), and preferably recovered in at least about 80 percent yields, more 

preferably in at least about 90 percent yields and most preferably in at least about 95 percent 
yields. 

The reaction of the present invention is particularly useful in a process for 
making epichlorohydrin. Once the 2,3-dihalopropanol is made using the reaction of the 
30 present invention, the 2,3-dihalopropanol may be cyclized to make epihalohydrin by 

processes well-known in the art. More particularly, the reaction step of the present invention 
may be used in a four-step process to make epichlorohydrin from propylene as follows: 
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In Step (1), a 3-carbon hydrocarbon such as propylene is oxidized to form 
acrolein. Processes for this reaction are already well-known in the art and are described in 
the following references: Watanabe et al. (U.S. Patent 4,008,281 (February 15, 1977)); 
Childress et al. (U.S. Patent 4,049,577 (September 20, 1977)); Childress et al. 
5 (U.S. Patent 4,129,600 (December 12, 1978)); Daumas et al. (U.S. Patent 4,166,808 

(September 4, 1979)); Caillod et al. (U.S. Patent 5,225,389 (July 6, 1993)) and Kobayashi 
et al. (U.S. Patent 5,326,916 (July 5, 1994)). In most cases, propylene is contacted in a 
gaseous phase with oxygen in the presence of a catalyst such as bismuth-phosphorous- 
molybdenum. Acrolein can also be made by oxidation of allyl alcohol. Acrolein is also 
10 commercially available, for example, from Aldrich Chemical Company, Inc. and Fisher 
Scientific Acros Organics. 

In Step (2), acrolein is halogenated to make 2,3-dihalopropanal. This step has 
been described in U.S. Patent 2,860,146. Preferably, the acrolein is contacted with 
molecular halogen, which is preferably molecular chlorine or molecular bromine and is more 

15 preferably molecular chlorine. The reaction temperature of Step (2) is preferably no more 
than about 125°C and more preferably no more than about 50°C. It is preferably at least 
about -10°C and more preferably at least about 0°C. The reaction of Step (2) can be run 
neat, or can take place in the presence of an organic solvent which is substantially inert with 
respect to all reagents under reaction conditions. Examples of suitable solvents useful in 

20 Step (2) include halogenated hydrocarbons, such as methylene chloride, 1 ,2-dichloroethane 
and 1,2-dichloropropane; dioxane; aliphatic hydrocarbons such as pentane, hexane, 
heptane; and mixtures thereof. 

The concentration of water in the reaction mixture of Step (2) is preferably 
minimized because water reacts with the 2,3-dihalopropanal product to form impurities. This 

25 is particularly true when Step (3) is run in the presence of an alcohol, because water reacts 
with, for example chlorine to form hydrogen chloride which can catalyze acetal formation. 
When Step (3) uses alcohol, the concentration of water (as a percentage of acrolein) in Step 
(2) is preferably no more than about 2 weight percent, more preferably no more than about 
1 weight percent and most preferably no more than about 0.5 weight percent. Although 

30 ideally the minimum concentration of water in Step (2) is 0 percent, 0.1 weight percent may 
be more practical. Water can be excluded by known processes, such as by freeze drying, by 
use of molecular sieves and/or by adding dehydrating agents. The halogen, for example 
chlorine, partial pressure is preferably at a value which is balanced by the reactor heat 
removal rate. For example, the halogen partial pressure may be from 0 (0 kPa)to 30 psia 

35 (207 kPa). The yield of 2,3-dihalopropanal is preferably at least about 90 percent. 
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Step (3) is the reduction of 2,3-dihalopropanal to 2,3-dihalopropanol. The 
preferred embodiments of this step have been described previously in this application. 

For example, one embodiment of the process of the present invention 
comprises the step of contacting a 2,3-dihalopropanal with at least a stoichiometric quantity 
of molecular hydrogen in the presence of a ruthenium-containing or iridium-containing 
catalyst and an alcohol, wherein the mixture further contains an acid scavenger. 

Another embodiment of the process of the present invention comprises the 
step of contacting a 2,3-dihalopropanal with at least a stoichiometric quantity of hydrogen in 
the presence of a ruthenium-containing or iridium-containing catalyst and water. 

Step (4) is the conversion of 2,3-dihalopropanol to epihalohydrin. This step is 
well-known in the art of manufacturing epihalohydrin. The reaction of Step (4) is usually 
carried out by contacting the dihalopropanol with a strong base, such as an aqueous alkyl 
metal hydroxide, including for example sodium hydroxide. Examples of the Step (4) reaction 
are described in U.S. Patent 2,860,146 and Wernli et al. (Australian Patent 630,238 
(February 12, 1993)). 

Processes which use the present invention may contain any one or more of 
Steps (1), (2) and (4), in addition to Step (3). They preferably contain Steps (2) and (3), 
more preferably contain Steps (2), (3) and (4) and most preferably contain Steps (1 )-(4). 

The following examples are for illustrative purposes only and should not be 
taken as limiting the scope of either the Specification or the Claims. Unless otherwise stated, 
all parts and percentages are by weight. 

A solution containing 148 g of acrolein and 500 mL of methylene chloride was 
cooled to about 0°C. Chlorine was passed through the solution at atmospheric pressure with 
stirring and cooling to maintain the reaction mixture at below 18°C, until a slight yellow color 
of chlorine was observed to persist. The methylene chloride was distilled under reduced 
pressure to yield 253 g of 2,3-dichloropropanal, which was characterized by NMR. 

A 300-mL Parr bomb reactor equipped with a mechanical stirrer was loaded 
with: 5 g of 2,3-dichloropropanal, 100 mL of ethanol and 200 mg of 

tris(triphenylphosphine)ruthenium (II) chloride. The reactor was sealed and pressurized with 
about 250 psig (1 .7 mPa) hydrogen. The reactor was heated to 85°C for three hours. The 

10 
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reactor was cooled and unreacted hydrogen was released. Ethanol was removed by 
distillation and the remaining liquid was treated with 150 mL of 5 percent ethyl acetate in 
hexane to form a solution. The solution was filtered through silica gel and then the hexane 
and ethyl acetate were removed by distillation to yield 3.5 g (70 percent) of 2,3-dichloro-1- 
5 propanol. 

Examples 2-5 

A quantity of 2,3-dichloropropanal which was shown in Table I was added 
slowly to one or more of the following: methanol, 1-cyclohexyl-2-pyrrolidinone, dioxane or 
water in the quantities shown in Table I. The 2,3-dichloropropanal was added slowly to 
minimize the exotherm observed in Examples 2-4. The mixture was sparge degassed with 
nitrogen and transferred to a 300 mL Parr reactor which had been charged with a ruthenium 
catalyst (Table I) and a nitrogen atmosphere. The reactor was pressurized with hydrogen, 
vented and then repressurized with hydrogen to about 1 ,000 psig (about 7 MPa) pressure. 
The reactor was heated to 85°C for three hours. The reactor was cooled and unreacted 
hydrogen was vented. 

In Example 2, methanol was removed by rotary-evaporation and the remaining 
liquids were distilled under reduced pressure to yield the quantity of 2,3-dichloropropanol 
product shown in Table I. 

In Examples 3-5, the reaction mixture was analyzed by gas chromatographic 
20 (GC) analysis using decane as an internal standard and contained the quantity of 
2,3-dichloropropanol product shown in Table I. 
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TABLE I 



Example 


2 


3 


4 


5 


2,3-dichloropropanal (g) 


50 


5 


5 


1.3 


Catalyst i 










tris(triphenylphosphine) ruthenium (II) 
dichloride (g) 


2 


0.2 


0.2 




5% ruthenium on carbon (g) 








5.44 


Solvents 










1-cyclohexyl-2-pyrrolidinone (g) 


10 








methanol (mL) 


50 


100 






water (mL) 






2 


0.8 


dioxane (mL) 






80 


50.9 


Product 










2,3-dichloropropanol (percent yield) 


91% 
(46.1 g) 


96% 


94% 


83% 



General Procedure 

The following general procedure was used in Examples 6-14: 

A 300-mL Parr reactor was loaded with a catalyst charge (2,3- 
dichloropropanal (DCP):metal atom = 100 to 200:1 for homogeneous catalysts and 10 to 50:1 
for heterogeneous catalysts) and the reactor vessel was evacuated and nitrogen flushed 
three times. The solvent/DCP mixture was sparge degassed with nitrogen and added to the 
Parr reactor with a syringe. The reactor was pressurized/vented to 250/20 psig (1 .7 mPa/138 
kPa) nitrogen and 1000/20 psig (6.9 mPa/138 kPa) hydrogen, then placed under 1000 psig 
(6.9 mPa) hydrogen and heated to 65°C to 100°C. Samples were removed by syringe after 
venting the reactor to less than 15 psig (103 kPa) or by using a valved dip tube. 
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Samples were analyzed by gas chromatography (GC) using a Hewlett 
Packard HP-5890 gas chromatograph equipped with a 25 m HP-5 Ultra 2 capillary column 
with split injection. Approximately 120 jiL of the reaction mixture was dissolved in 5.0 mL of 
chloroform which contained a known amount of chlorobenzene as a GC standard (typically 
5 0.05 weight percent). Selectivity is defined as the molar ratio of the amount of 2,3- 
dihalopropanol formed to the amount of 2,3-dihalopropanal consumed. 

Air sensitive homogeneous catalyst precursors and activated heterogeneous 
catalysts were handled in an inert atmosphere glove box. 

Example 6 

10 A 5.13 g (39.6 mmol) sample of 2,3-dichloropropanal was dissolved in a 

mixture of methanol (33.7 g) and toluene (33.2 g) and then added to RhCI(PPh3>3 (0.370 9I 
0.40 mmol). The reactor was heated to 75°C. The reaction was sampled at 180 minutes 
with the following results: 



GC Analvsis 


Time (minute?) 


Percent (%) 


Percent (%) 




Conversion 


Selectivity 


180 


22 


85 



15 Example 7 

A 2.21 g (17.4 mmol) sample of 2,3-dichloropropanal was dissolved in a 
mixture of dtoxane (49.25 g) and water (1 .72 g) and then added to 5 percent Rh on carbon 
(2.33 g; 1 .1 mmol as Rh). The reactor was heated to 85°C. The reaction was sampled at 180 
minutes with the following results: 



GC Analysis 


Time (minutes) 


% Conversion 


% Selectivity 


180 


93 


13 
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Example 9 

A 5.00 g (39.28 mmol) sample of 2,3-dtchloropropanal was dissolved in 
chloroform (141.41 g) and then added to (COD)lr(PPh 2 Me) 2 * PF/ (0.3795 g; 0.449 mmol). 

The reactor was heated to 70°C. Samples were taken at times 0, 32 and 1 75 minutes with 
5 the following results: 



GC Analvsis 


Time (minutes) 


% Conversion 


% Selectivity 








0 


0 


0 


32 


31.7 


> 98 


175 


50.8 


> 98 



Example 9 

A 4.00 g (31 .5 mmol) sample of 2,3-dichloropropanal was dissolved in dioxane 
(48.76 g) and then added to 5 percent Ir on carbon (15.25 g; 4 mmol as Ir). The reactor was 
10 heated to 85°C. The reaction was sampled at 180 minutes with the following results: 



qq Analysis 


Time (minutes) 


% Conversion 


% Selectivitv 


180 


100 


74 



Example 10 

A 5.13 g (40.40 mmol) sample of 2,3-dichloropropanal was dissolved in 
methanol (approximately 100 mL; 84.10 g) and then added to 5 percent Pt on silica (1.611 g; 
15 0.4129 mmol as Pt). The reactor was heated to 70°C. Samples were taken at times 0, 31 
and 173 minutes with the following results: 
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QQ Analysis 


Time fminutes^ 


% Conversion 


% Selectivity 








0 


0 


0 


31 


57.7 


44.7 


173 


89.0 


26.7 



Example 1 1 

A 5.13 g (40.4 mmol) sample of 2,3-dichloropropanal was dissolved in 
methanol (74.09 g) and then added to 10 percent Pd on carbon ( 1 .0 g, 0.94 mmol as Pd). 
The reaction was heated to 75°C. The reaction was sampled at 1 80 minutes with the 
following results: 



QQ Analysis 


Tim? (minutes) 


% Conversion 


% Selectivity 








180 


100 


2 



Example 1 2 

A 2.72 g (21.4 mmol) sample of 2,3-dichloropropanal was dissolved in dioxane 
(55.98 g) and then added to 2 percent Ru on carbon (5.04 g, 1 .0 mmol as Ru). The reactor 
was heated to 85°C. The reaction was sampled at 30, 60 and 180 minutes with the following 
results: 



GC Analysis 


Time (mioMtes) 


%CpnY§r§ion 


% Selectivity 








30 


49 


ai 




m 


71 


180 


100 


£1 
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Example 13 

A 2.58 g (20.3 mmol) sample of 2,3-dichloropropana! was dissolved In dioxane 
(55.57 g) and then added to 2.5 percent Ru on silica (5.00 g; 1 .2 mmol as Ru). The reactor 
was heated to 85°C. The reaction was sampled at 30, 90 and 180 minutes with the following 
5 results: 



GC Analysis 


Time (minutes) 


"/..Conversion 


% Selectivity 


30 


fiZ 


az 


2Q 


25 


M | 


180 


100 


32 



Example 14 

A 2.93 g (23.1 mmol) sample of 2,3-dichloropropanal was dissolved in dioxane (53.65 
g) and then added to 2.5 percent Ir on silica (5.00 g; 0.7 mmol as Ir). The reactor was 
to heated to 85°C. The reaction was sampled at 15 minutes with the following results: 



GC Analysis 


Time (m) 


% Conversion 


% Selectivity 


15 


>95 


>95 
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1 . A process to make 2,3-dihalopropanol comprising the step of reacting 
2 t 3-dihalopropanal with a hydrogenating agent in the presence of a transition metal- 
containing catalyst, under conditions such that 2,3-dihalopropanol is formed. 

5 2. The process described in Claim 1 wherein the 2,3-dihalopropanal is 

selected from 2,3-dichloropropanal; 2,3-dibromopropanal; 2,3-dichloro-2-methylpropanal and 
2,3-dibromo-2-methylpropanal. 

3. The process described in Claim 1 wherein the hydrogenating agent is a 
hydrogen source selected from molecular hydrogen and alcohols. 

10 4. The process described in Claim 1 wherein the ratio of hydrogenating 

agent to dihalopropanal is at least 0.6:1. 

5. The process as described in Claim 1 wherein the catalyst is a 
homogeneous catalyst or a heterogeneous catalyst. 

6. The process as described in Claim 1 wherein the catalyst contains a 

15 Group VIIIA metal selected from iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, 
iridium, platinum and mixtures thereof. 

7. The process as described in Claim 6 wherein the catalyst contains a 
ruthenium or iridium compound or complex. 

8. The process as described in Claim 1 wherein the catalyst further 
20 contains a coordinating iigand selected from phosphines, 1 ,5-cyclooctadiene (COD), 

norbomadine (NBD), arsines, stibines, carbon monoxide, ethers, cyclopentadienyl, 
sulfoxides, and aromatic amines and mixtures thereof. 

9. The process as described in Claim 1 wherein the catalyst is a 
heterogeneous catalyst which contains a transition metal deposited upon a supporting 

25 material selected from carbon, silica, alumina, titania and combinations thereof. 

10. The process as described in Claim 1 wherein the catalyst is present in 
the reaction mixture at a ratio of 0.001 to 100 moles of catalyst metal for each mole of 
dihalopropanal. 
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1 1 . The process as described in Claim 1 wherein the catalyst is selected 
from RuCl (PPh 3 ) , RuH(CF 3 C0 2 )(PPh ) , RuH(CH CO )(PPh ) , RuHCI(PPh ) , RuCI (PPh - 

2 3 33 3233 3322 

p-tol) , RuHCI(CO)(PPh ) , RuCI [P(C H -m-CH ) ] , RuCI /P(p-tol) . RuCI /P(C H -p-CI) . 

3 33 2 € 4 333 3 3 364 3 

{RuCI [P(C H -m-SO Na) ] } , RuHCI(PPh 3 ) 2 (NBD), RuH (PPh ) , polystyrene supported 

264 3322 234 

5 RuCI (PPh ) 3 , RuHCI(dppe) 2 , RhCKPPh^, (COD)lr(PPhMe) 2 * PF', Ru on carbon, Ru on 

alumina, Ru on silica, Ir on carbon, Ir on alumina, and Ir on silica, Rh on carbon, Rh on silica, 
Rh on alumina, Pt on carbon, Pt on silica, Pt on alumina, Pd on carbon, Pd on silica, Pd on 
alumina, and mixtures thereof. 

12. The process as described in Claim 1 which is carried out at a 
10 temperature of 0°C to 200°C. 

13. The process as described in Claim 1 which is carried out with a 
hydrogen partial pressure of at least 14 psia. 

14. The process as described in Claim 1 wherein the reaction mixture 
further contains a protic solvent selected from water, carboxylic acids, phenolic compounds, 

15 aliphatic alcohols and mixtures thereof. 

15. The process as described in Claim 1 wherein the reaction mixture 
further contains an aprotic solvent selected from aromatic hydrocarbons, aliphatic 
hydrocarbons, ethers, glymes, glycol ethers, and mixtures thereof. 

1 6. The process as described in Claims 14 or 15 wherein the protic or the 
20 aprotic solvent is present in the reaction mixture at a concentration of from 0 to 99.99 weight 

percent. 

17. The process as described in Claim 1 wherein the reaction mixture 
further contains an acid scavenger selected from alkali metal carbonates, alkali metal 
bicarbonate, epoxides and mixtures thereof. 

25 18. A process to make epihalohydrin comprising the steps of: 

(a) reducing 2,3-dihalopropanal as described in Claim 1 to form 
2,3-dihalopropanol; and 

(b) contacting the 2,3-dihalopropanol with a base, whereby an epihalohydrin 

is formed. 
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19. A process to make epihalohydrin comprising the steps of: 

(a) halogenating acrolein to make 2,3-dihalopropanal; 

(b) reducing 2,3-dihalopropanal as described in Claim 1 to form 
2,3-dihalopropanol; and 

5 (c) contacting the 2,3-dihalopropanol with a base, whereby an epihalohydrin 

is formed. 

20. A process to make epihalohydrin comprising the steps of: 

(a) reacting a hydrocarbon which contains three carbon atoms with an 
oxidizing agent to form acrolein; 

10 (b) reacting acrolein with a molecular halogen to form 2,3-dihalopropanal; 

(c) reducing 2,3-dihalopropanal to form 2,3-dihalopropanol as described in 
Claim 1 to form 2,3-dihalopropanol; and 

(d) contacting the 2,3-dihalopropanol with a base, whereby an epihalohydrin 

is formed. 
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